The clathrin light chains are components of clathrin coated vesicles, structural constituents involved in endocytosis and membrane recycling. The clathrin light chain B (LCB) gene encodes two isoforms, termed LCB2 and LCB3, via an alternative RNA splicing mechanism. We have determined the structure of the rat clathrin light chain B gene. The gene consists of six exons that extend over 11.9 kb. The first four exons and the last exon are common to the LCB2 and LCB3 isoforms. The fifth exon, termed EN, is included in the mRNA in brain, giving rise to the brain specific form LCB2 but is excluded in other tissues, generating the LCB3 isoform. Primary rat neuronal cell cultures express predominantly the brain specific LCB2 isoform, whereas primary rat cultures of glia express only the LCB3 isoform, suggesting that expression of the brainspecific LCB2 form is limited to neurons. Further evidence for neuronal localization of the LCB2 form is provided using a teratocarcinoma cell line, P19, which can be induced by retinoic acid to express a neuronal phenotype, concomitant with the induction of the LCB2 form. In order to determine the sequences involved in alternative splice site selection, we constructed a minigene containing the alternative spliced exon EN and its flanking intron and exon sequences. This minigene reflects the splicing pattern of the endogenous gene upon transfection in HeLa cell and primary neuronal cell cultures, indicating that this region of the LCB gene contains all the necessary information for neuron-specific splicing.
INTRODUCTION
Receptor mediated endocytosis occurs by entrapment of specific macromolecules in coated pits and coated vesicles. Their coat is predominantly composed of clathrin (1) which is noncovalently bound to the vesicles. In vitro, it is possible to aggregate clathrin trimers known as 'triskelions' into closed shell structures. Each of these trimers consists of three molecules of clathrin heavy chain and three molecules of clathrin light chain. There is only one form of clathrin heavy chain, whereas there are two classes of light chains, light chain A (LCA) and light chain B (LCB). In addition, the expression of different clathrin light chain isoforms involves tissue-specific splicing. For LCB there is one ubiquitously expressed form, LCB3, and a brain-specific form (LCB2) which has 54 additional nucleotides not found in LCB3 (2) (3) (4) (5) . Western blot analysis of various brain parts for LCB2 and immunocytochemical experiments are consistent with the idea that the LCB2 form is expressed predominantly in neurons (6) . Although the function of the additional exon in brain is not clear, it has been speculated that it participates in the burst of endocytosis that mediates membrane recycling after neuronal stimulation and synaptic vesicle release (1) and might help in transporting clathrin coated vesicles to the synapse (2) .
Alternative splicing is an important mechanism in the generation of protein isoforms from one gene (7) (8) (9) . A number of genes are known to exhibit brain-specific alternative splicing. Among these genes are the calcitonin/CGRP primary transcript (10) , which leads to the production of calcitonin in thyroid C cells and calcitonin gene related peptide (CGRP) in the brain. Other genes studied include the mouse c-src gene (11) , the preprotachykinin gene that produces substance P and K and related tachykinin peptides (12) and the ca-tropomyosin gene (13) . The mechanisms that regulate brain-specific alternative splice site selection are still poorly understood. However, several ciselements that are involved in alternative splice site regulation have been identified. These elements include sequences within the 5'-and 3'-splice sites, exon sequences, and sequences located within introns (11, 12, (14) (15) (16) . In addition, a brain-specific form of the Sm B/B' has been reported (17) . To date no cellular factors have been identified that mediate brain-specific alternative splice patterns.
In this paper we have determined the exon/intron organization of the clathrin light chain B gene, the first analysis of a clathrin light chain gene. We have identified a cell line that provides a model system to study the alternative splicing of the LCB gene. In addition, using a transient transfection asssay, we have determined that the sequences for regulated alternative splicing are confined to sequences within the neuron-specific exon and its flanking intron and exon sequences.
MATERIALS AND METHODS
Standard molecular cloning protocols were followed for most of the experiments (18) . PCR methods and oligonucleotides PCR reactions were performed in reaction volumes of 50 ,l. The 1 x buffer contained 16.6 mM (NH4)2SO4, 200ltM dNTPs, 170 ,ug/ml bovine serum albumin, 67 mM Tris-HCl, pH 8.8, at 20°C and the MgCl2 concentration indicated in Table 2 . The PCR reactions were performed using a Gene II (USA Scientific) and a Perkin Elmer thermocycler. The accuracy of the thermocycler was tested using an external device (19) . The concentration of the PCR primer was 500 pM for each primer in the final PCR mix that also contained 1 U Taq DNA polymerase/50 $1. Reverse transcription was carried out using 1 jg of total RNA, 100 U of H-Superscript MMLV reverse transcriptase (BRL), 10 ,.
-.
ru!ciFotide number Figure 1 A. Intron length in the LCB gene determined by using PCR. DNA from rat genomic X clones was amplified using the oligonucleotide combination indicated. The sequences of the oligonucleotides are described in Table 1 , their location is shown in Figure IB . The reaction conditions for the amplification are described in Table 2 . The identity of the PCR products was confirmed using Southern Blots with intron primers and direct sequencing of flanking regions of the PCR products using the Maxam-Gilbert method (29 Cell culture Standard procedures were used for cell culture and cell maintenance (23) . Primary neuronal cultures of dissociated rat embryo mesencephalon were cultured in serum free medium as described (24) . P19 embryonal carcinoma (EC) cells were cultured and induced as described (25, 26 pug/ml DNA in serum free culture medium, giving a final volume of 1 ml. Both solutions were mixed prior to transfection and added to the cells. Primary neuronal cultures remained in this medium for two days. The medium for HeLa cells was changed after an overnight transfection. RNA was harvested after two days and prepared using the NP40 lysis method as described (27) . (25) . We analyzed the appearance of LCB2 after different times of retinoic acid treatment. LCB2 mRNA was detected after four days of retinoic acid treatment ( Figure 3 ). We found that undifferentiated P19 murine embryonal carcinoma cells do not contain detectable levels of the brain-specific light chain and SS031 in 1.5 mM MgCl2, 16 .6 mM (NH4)2SO4, 200jsM dNTPs, 170 itg/ml BSA, 67 mM TrisHCI, pH 8.8, at 20°C. 30 cycles were used (1 minute 94°C, 1 minute 55°C, and 2 minutes 72°C). One tenth of the PCR products was separated on a 2% agarose gel (TBE). Only primary neuronal cultures express the brain specific form LCB2 with about the same intensity as brain. As positive controls plasmids rB2 and rB3 (30) containing cDNA from LCB2 and LCB3 were amplified, producing the expected bands of 206 and 154 bp length. If the two plasmids were mixed prior to amplification, a heterodimer PCR artifact probably consisting of one strand LCB2 and one strand LCB3 appears. This artifact can also be seen in the PCR products from brain and 10 neuronal cell cultures. These artifacts have also been described for other alternatively spliced genes (31) . The LCB2 and LCB3 form and the artificial heterodimer form are schematically indicated. The nature of the bands above LCB2 in HeLa cells and below LCB3 in HeLa and primary glial cultures is not known. These bands are probably PCR artifacts, since they do not hybridize with the internal primers JB181 or JB331 (data not shown). SCG: RNA from superior cervical ganglion. -rev.transcription: negative control using RNA from primary cultures from mesencephalon without reverse transcriptase. (25) . Here, we did not observe any LCB2 mRNA induction (Figure 4 ). This contrasts with the above experiments where, after four days of retinoic induction in aggregates, the cells express LCB2 mRNA.
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The expression of the LCB2 isoform in P19 teratocarcinoma cells can be only detected when the PCR products are analyzed using the sensitive Southern blot method. The induction is barely visible if the PCR products are stained with ethidium bromide. These findings demonstrate that the expression of the LCB2 form is concomitant with the expression of the neuronal phenotype in the P19 teratocarcinoma cell system, which is also indicated by the accumulation of LCB2 during the time course of induction. However, the major form of LCB expressed in the retinoic acid induced neuron-like P19 teratocarcinoma cells is the peripheral form LCB3, which is in contrast to the splicing pattern of primary neuronal cultures. This may indicate differences between the splicing machinery in neurons and neuron like P19 teratocarcinoma cells.
The expression of a minigene construct in HeLa and primary neuronal cultures reflects the tissue-specific splicing behavior of the clathrin light chain B gene In order to define the necessary cis-acting elements that are involved in the regulation of the brain specific exon EN, we constructed a minigene, pJS71, that contained the flanking parts of exon EIV and EV as well as intron D, exon EN and parts of intron E ( Figure 5 ). The minigene pJS71 was transfected into HeLa cells and 10 rat mesencephalon cultures. RNA from these cells was recovered and analyzed by reverse transcription using SS031 and PCR using the primers SV40A and SS031. The SV40A primer is complementary to the sequences from the SV40 sequences in pW3. The use of the primer SV40A made it possible to discriminate between RNA from the transfected construct and endogenous RNA. The PCR products derived from these transfection experiments were analyzed in a Southern Blot using JB181 and JB331 as a probe for LCB2 and LCB3. As shown in Figure 5 , HeLa cells express predominantly the peripheral form LCB3, whereas primary rat mesencephalon cultures express predominantly the brain specific form LCB2. These results show that the minigene has the same cell type specific regulation like the endogenous gene. Figure 3 . Retinoic acid induction of LCB2 in P19 teratocarcinoma cells. PCR products were separated on 2% SeaKem agarose and transferred to genescreen. A. Filters were probed with JB181 which hybridizes to LCB2. B. After being stripped of label, filters were reprobed with JB 331 that detects LCB3. The autoradiographs were then superimposed. EC, uninduced cells; DMSO, cells induced for seven days with DMSO; ld,2d,3d,4d, cells induced for one, two, three, and four days with retinoic acid; RA, cells were induced for four days with retinoic acid and then cultured for three more days in the absence of retinoic acid. MB, mouse brain; rB2 and rB3, PCR products generated from cloned cDNA templates; 0, negative control of PCR mix without template; 00, negative control using mouse brain RNA that was not reverse transcribed. Figure 4 . LCB2 is only expressed in P19 teratocarcinoma cells after neuronal phenotype formation. A. Filters were probed with JBI81 which hybridizes to LCB2. B. After the label was removed, the filters were reprobed with JB 331 that detects LCB3. The autoradiographs were then superimposed. EC, uninduced cells; DMSO, cells induced for seven days with DMSO; Ml, EC cells induced in monolayer with retinoic acid for four days followed by 3 days growth without retinoic acid; RA, cells were induced for four days with retinoic acid and then cultured for three more days in the absence of retinoic acid; MB, mouse brain.
DISCUSSION Gene structure
Protein structure is reflected in the gene structure. The clathrin light chain proteins can be separated into six domains (3) . The determination of the gene structure reveals that some of these domains are represented by exons in the LCB gene, as shown in Figure IC . The six domains in the LCB protein are: (i) a phosphorylation site, (ii) a region that is conserved between the two light chain forms LCA and LCB, (iii) a region that has the highest variability between LCA and LCB, (iv) a domain that binds to the heavy chain, (v) a brain specific domain, and (vi) a C terminal domain (9) . Exon El contains the phosphorylation site, the region that is conserved the most between LCA and LCB and a part of the region with the highest variability. Exon (Table 3A) . This might be important in the regulation of the alternative splice of exon EN as it is in the preprotachykinin gene (12) . In the case of the preprotachykinin gene a weak 5'-splice site reduces the ability of the Ul snRNP to bind to the 5'-splice site thereby limiting the ability of splicing factors to interact with exon EN. The 3'-splice site of the exon EN also differs from the vertebrate consensus sequence; the nucleotide prior to the AG nucleotides is usually a C (Table 3B ). Only 2 % of all vertebrate genes have an adenosine residue in this position (7) . Thus, the combination of unusual 5'-and 3'-splice sites might contribute to the exclusion of exon EN in nonbrain tissue. Why the exon EN is retained in the mRNA in brain remains to be determined. 
